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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

WIND-TUNNEL INVESTIGATION OF A RECTANGULAR
NACA 2212 ATRFOIL WITH SEMISPAN ATLERONS AND WITH
NONPERFORATED, BALANCED DOUBLE SPLIT FLAPS

- FOR USE AS AFRODYNAMIC BRAKES
By Thomas A. Toll and Margaret F. Ivey

SUMMARY

Tests have been made 1ln the Langley 7~ by 1l0-foot
tunnel to determine the applicabillity of nonperforated,
balanced double split flaps for use as aerodynamic brakes.
Information was desired on the braking power of the flaps
a3 well as on the effectiveness and the stabllity of a
conventional trailing-edge alleron located immedlately
behind the flaps.

A rectangular 10- by 60-inch wing model of NACA 2212
alrfoll section was used for the tests. Results were
obtained for flat-plete flaps with no wing cut-outs and
for flaps having Clark Y sections with cut-outs made in
the wing to simulate the space left open by the deflected
flaps. The flap deflections, the chordwise locatlon,
and the gaps between the flaps and the airfoll contour
were varled over wlde ranges in order to determine the
optimumn configuration. 1In additlion to the foroce tests,
an lnvestligation was made to determine any buffeting
tendencles of the alleron. 8Silk tufts and a flexible
torque rod were used for these: tests.

The drag was only slightly lower for the model having
airfoll-sectlon flaps and wing cut-outs than for the model
having flat-plate flaps and no cut-outs in the wing; for
both arrangements the drag was higher than that obtained
in previous tests of an NACA 23012 airfoil with full-span,
0.20-airfoll-chord, perforated double split flaps. The
alleron effectiveness was low 1in either case, except when
the flap gaps were equal to about 20 percent of the wing
chord and when the noses of the flaps were at least
80 percent of the chord from the leading edge of the wing.
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Although the entlre model showed some tendency to
shake, tufts indlcated that the alr flow over the alleron
generally was smooth. Tests of the alleron attached to
a flexible torque rod indlcated almost no tendency for
the alleron to shake; however, when the flap gaps were
15 percent of the wing chord or less, the alleron acted
. as though 1t were overbalanced and usually tended to
float agalnst the stops for elther positlve or negatlve
deflections.

INTRODUCTION

The nresent investigatlion was made because certaln
unpublished data had indicated that satisfactory drag
and lateral control characteristlics had been obtained on
an alrplane wlth balanced double split flaps mounted
ahead of a conventlonal alleron. Tests of balanced single
split flaps on the lower surface of a wing had previously
been made by the NACA (reference 1), and certain flap
locations were found at which the aileron was as effec-
tive with flap deflected as with flap retracted. Tests
of vperforated double split flaps having no gaps between
the flaps and the alrfoll contour (references 2 to 5)
showed that such flaps produced desiruble 1lift, drag, and
pltching-moment characteristlics for use as dilve brakes
and that the drag lncrement increased as the flaps were
moved forward on the wing. The tests reported in refer-
ence 2, however, showed that almost no effectiveness
could be expected from an alleron located behind these
fleaps.

The present tests were made with a model configura-
tion similar to that of references 2 and li but having
two flaps, similar to the flap of reference 1, symmetri-
cally dlsposed above and below the wing. It was deslired
to determine 1f there were any flap locatlions at.which
sufficlent lateral control as well as satisfactory drag
characteristics could be obtalned simultaneously.

APPARATUS AND TESTS
Model

The wing model was bullt of mahogany to the NACA 2212
proflle. The mecdel was of rectangular plun form; the span




NACA ARR No. LSB17 3

was 60 inches and the chord, 10 inches. Semlspan allerons
havirnig ‘¢éHords equal-to -18.5 percent of.the wing chord.
(0.185¢c) were provided. The ailerons were not balanced
and had small gaps at their leadlng edges.

Two. sets of flaps were used with the model. Both
sets were full span, were nonperforated, and had chords
of 2 1nches. One set was made of flat steel plate

(iirin.thicg) and had rounded leading edges. Each flap

of this set was attached to the wing by elght fittings
along the span. The flttings were adjustable to allow
variations of flap deflections, chordwlse locations, and
gaps between the flaps and the wing. The wing had no
cut-outs to simulate the space left by the flaps when
deflected. Photographs of the modsel mounted in the
tunnel are given as filgures 1 and 2. The second set of
flaps was constructed of steel plate and wood to the
Clark Y section (fig. 3). Cut-outs in the wing were made
to simulate the space left by the flaps when deflected.
Each flap was attached to the wing by six fittings, which
rested on narrow bridges left across the wing cut-outs.

The dimensions of the model and the flap locations
and deflectlons tested are given in flgures and 5.

Tests

The dynemlc pressure malntained for all tests was
16.37 pounds per square foot, which corresponds to a
veloclty of ubout S0 mliles per hour under standurd sea-
level conditions and to a test Reynolds number of 609,000
based on the chord of the model wing (10 in.). The effec-
tive Reynolds number, based on a turbulence factor of 1.6
for the Langley 7~ by 10-foot tunnel, was about 975,000.

The tests consisted princlpally of the determination
of the 1lift, drag, and pltching-moment characteristics
of the model with the allerons neutral and of the rolling-
and yawlng-moment characteristics of the model with the
right alleron at various fixed deflections. A few tests
were made to determine the alleron hinge-moment coeffl-
clents and to investigate the flow condlitions in the
vicinity of the alleron.
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Tests of the model with no wing cut-outs and with
flat-plate flaps were made with the flaps at & number of
chordwlse locatlons, gaps, and deflections. Only a few
configurations of the model with alrfoil-sectlon flaps
and with wing cut-outs were tested. These tests were
made principally to check the validity of the assumption
that the wing cut-outs and the flap sectlon would have
little effect on the results when the flaps are at high
deflections.

RESULTS AND DISCUSSION
Symbols

In the presentation of the results, the followling
symbols are used:

Cr, 1ift coefficient (I/ysS)
Cp drag coefficient (D/qS)
"Cm pltching-moment coefflclient about quarter-
e/l Yo/l
chord polnt of alrfoll
qSc
Ch alleron hinge-moment coefficient (ﬁ/ﬁbaca2>
Cy! rolling-moment coefficient (L4Sb)
Cp' yawing-moment coefficlent (N'/qSb)
where
L 11ft
D drag
H alleron hinge moment
Mc/h pltching moment about quarter-chord polnt of
airfoll
L! ' rolling moment about wind axis in plane of

symmetry of model
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N? yawing moment about wind axls in plane of
T T symmetry of model

2
dynamic pressure of free alr stream (%%{)

q

o] density

v veloclty

c wing chord

Cg alleron chord

wing area

b wing span

bg span of alleron

a angle of attack

8a alleron deflection

be upper-surface split-flap deflection measured

from wing chord line

8fy, lower-surface split-flap deflection measured
from wing chord llne

Gep 1s deflned as the dlstance, measured perpen-
dicular to the wing chord line, between the true airfoll
contour and the portion of the flap nearest the alrfoll
contour. (See figs. L and 5.)

Chordwlse locatlon 1s defined as the dlstance,
measured parallel to the wing chord line, between the
wing leadling edge and the tangent - perpendicular to the
wing chord line -~ to the portion of the flap nearest the
airfoil contour. (See figs. L and 5.)

Alleron effectlveneas 1a defined as the increment
of rolling-moment coefficlient between curves corresponding
to two fixed alleron deflections.

Corrections

No correctlions were applled for the effects of
support-strut interference. The standard jet-boundary
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correctlons, which were appllied to all the force-test
data, are:

Aa = 6§CL 57.3
ACp = GE-CLZ

where Aa 1s 1n degrees, & 1s the jJet-boundary
correctlon feactor, and C 1s the cross-secltlonal area

of the jet (69.59 sq ft). A value of & = 0.112 for the
closed-throat wind tunnel was used 1in correctlng the
results. No correctinons were anplled to the pitching-,
yawlng-, rolling-, or hinge-moment coefficients; these
corrections are ull small because of the relatively small
size of the model.

Wing wilthout Flaps

Tests were macde of the model without fleps 1ln order
to provlide a basis upon which to compare the tests of
the model with flaps. The results of these tests are
given in figures 6 to 8. The almost linear variation of
11ift coefficient with angle of attack (fig. 6), the
large and almost constant increment of rolling-moment
coefficlent between aileron deflections of *20° (fig. 7),
and the approximately constant negatlve slope of the
hinge-moment curves (fig. 8) should be noted.

Wing with Flat-Plate Flaps

The model was tested wlth two symmetrically located
flat-plate flaps at a number of chordwlse locations, gaps,
and deflections. The results of the tests sre given 1in
figures 9 to 20. The effect of flap deflection (flaps
located at 0.80c and with 0.05c gaps) 1s given in figure 9.
A compariaon of tkils figure wilth figure 6 indicates that,
at zero angle of attack, Ilncrements of drag coefflcient
of 0.232 and 0.,;68 are produced by the flaps when
deflected 30° and 60°, respectively. Comparable values
of the drag increment caused by full-spean, 0.20c,
perforated double split flaps at the same chordwise
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location on an NACA 23012 airfoll (fig. 3 of reference 2)
——.. are.0.l; .and 0.33. The irregularities in the curves

of C1, agalnst a for the model with flaps deflected

(fig. 9) are of interest. The effectiveneas of the

ailerons 1s very low - at times, even negative ~ for this

configuration (fig. 10).

When the flaps are deflected 30°, the irregularities
in the curve of Cj against a are less pronounceéd when

the gaps are 0.10c (fig. 11) than when the gaps are 0.05c
(fig. 9). The alleron effectiveness 1s greater when the
gaps are 0.10c (fig. 12) than when the gaps are 0.05c¢
(f1ig. 10). Increasing the flap deflection to 60° results
in large lrregularities In the curves of C(Cj, against a

(fig. 13) as well as in reductions in the 1lift-curve
slopes, particularly when the flaps are located far for-
ward. The alleron effectiveness (fig. 1l;) is generally
lower and more irregular when flaps are deflected 60°
than when flups are deflected 3%30° (fig. 12). Testa were
made with alleron deflections of *10° as well as 0Q°

and *20° for the condition of the flaps located at 0.80c
(fig. 1i(c)). in order to determine if greater effective-
ness might be obtalned at the smaller alleron deflectlons.
The effectlveness seems to increase almost linearly with
deflectlion for low angles of attack but 1s about the same
for B8g = $10° as for &g = ¥20° at high angles of

attack.

The characteristlcs of the model wlth the flaps
deflected 60° and with gaps of 0.15c are given 1n fig-
ures 15 and 16. The irregularities in the 1lift curves
increase in magnitude as the flaps are moved forward
(fig. 15). The aileron effectiveness decreases as the
flaps are moved forward (fig. 16).

With the flaps located at 0.80c and with gaps

of 0.20c, tests were made with the flaps deflected 60°,

90°, and 120° (figs. 17 and 18). The 1lift curves for

the conditions of flaps deflected 60° and 120° are char-

acterlzed by flat reglons near zero angle of attack

(fig. 17). When the flaps were deflected 90°, an irregu-
' larity occurred, which was similar to those noted previ-

ously. The maximum values of the lift-curve slopes for

these condltions are only about one-half the value of

the lift-curve slope for the model without flaps

(fig. 6). The aileron effectiveness is relatively high
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(about 80 percent of the effectiveness when no flaps are
attached) and does not seem to be appreclably affected
by the flap deflection (fig. 18).

Tests were made with flap chordwlise locatlons
of 0.90c, zaps of 0.20c, and deflections of 60° and 120°.
The results are given in figures 19 and 20. The condition
of flaps deflected 60° seems to be the most favorable of
all the configurations that have been dlscussed. The lift
curve (fig. 19) 1s almost linear and the value of its
slope for angles of attack greater than 2° is about
80 percent of the value of the 1lift-curve slope of the
model without flaps (fig. 6). The allerons are as
effective as when no flaps are attached.

Tests were made wlth one flap located at 0.80c,
with a 0.10c gap, and with a deflection of 60° (figs. 21
and 22). PFor the negative angle-of-attack range with
the flap placed below the airfoll and for the posltive
angle-of-attack range with the flap placed above the
eirfoil, the effectiveness of the aileron for *20°
deflection is about the same as the effectliveness when
no flaps are attached. When the flap 1s below the
airfoil, the effectiveness of the aileron deflected 20°
decreases as the angle of attack is increased above -2°
(flg. 22(a)). When the flap 1s above the alrfoil, the
effectiveness of the alleron deflected -20° decreases as
the angle of attack 1s decreased below -2° (fig. 22(b)).

Wing with Alrfoll-Section Flaps

- The results of tests of the model with Clark Y
alrfoll-sectlon flaps are given iIn flgures 23 to 37.

The 1ift, drag, and pltching-moment characterlstics of
the model with flaps deflected 30° and at chordwise
locations of 0.60c and 0.70c are given in figure 23(a)
for flap gaps of 0.05c and in figure 2%(b) for flap gaps
of 0.10c. A comparlson of the curves for the 0.70c
location of figure 23(b) with the corresponding curves
of figure 11 reveals that the airfoll-sectlion flaps and
wing cut-outs result in slight decreases in the drag
coefficients. A simllar.effect through most of the
angle-of-attack range may be noted by comparing figures 27,
29, and 31 with figures 13, 15, and 17, respectively.
Part of the reductlon ln drag coefficlent 1s probably a
result of the fact that fewer flittings were used to
attach the airfoll-section flaps to the wing than were
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. ..used_to_attach the flat-plate flaps to the wing. The
alleron effectiveness generally l1la slightly higher for

the model having alrfoll-section flaps and wing cut-outs
than for the ‘model having flat-plate flaps and no cut-outs
in the wing; this fact can be noted by comparing figures 28,
30, and 32 with figures 1l (a) and 1h(H), 16(b) and 1l6(c),
and 18(a), respectively.

The varlatlon of the rolling-moment coefflcient with
alleron deflectlon was determined for the model with the
flaps located at 0.70c and wlith gaps of 0.15c¢ and 0.20c
(fig. 33). At an angle of attack of 0° the rolling-
moment coefficlent varled almost linearly with aileron
deflection, but at an angle of attack of 12.1° the
varlatlion with negatlve deflectlons was irregular when
the gaps were 0.l5c.

Alleron hinge moments were measured for a number of
model configurations and are presented in figures 3l
and 35. When the flap gaps were 0.15c¢c or less, the
alleron seemed to be overbalanced and usually tended to
float against the stops for either positive or negative
deflections. With the flaps located at 0.70c¢c or at 0.80c¢,
the overbalance was eliminated by increasing the gaps
to 0.20c. At an ungle of attack of 0° aund at small
alleron deflections, the slope OChL/06, was still

considerably less negatlive, however, than when no flaps
.were attached to the model (fig. 8).

Because the model had a tendency to shake when the
flaps were:cdeflected 60° or more, an investigation was
made to determine if this shake were accompanied byabuffeting
tendency of the alleron. No such tendency was noted when
the aileron was restrained only by the flexible torque
rod used for the hinge-moment measurements. The investi-
gatlon was extended by observing sllk tufts mounted from
musts attached to the alleron at its midspan, midchord
location. The directions and the stabllity of the .varilous
tufts are indicated in figure 36 for several model
confligurations. The tufts on and near the surfaces of
the aileron were almost invarlably smooth and were polnted
in the downstream direction. Alleron buffeting therefore
does not seem to be a serlious problem for an alrplsane
with balanced. doublé split fleps.

A summary of the effects of ‘gap and of chordwlse
location of the two sets of flaps (each set at deflec-
tions of 60°) on the alleron effectiveness relative to
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that of the plaln wing and on the drag coefficlents 1s
presented in figure 37. The alleron effectliveness
increases as the gaps are lincreased and as the flaps are
moved rearward. The drag increases as the gaps are
Increased and as the flaps are moved forward. The varla-
tion in drag 1s probably caused by the increased depth
of the wake as the flaps are moved forward while constant
gaps are malntalned between the flaps and the surfaces

of the wing and also by the higher local veloclitles
occurrling at the forward portlons of the wing. Refer-
ence 5 showed that the increment of drag caused by perfo-
rated double split flaps was more than doubled when the
flaps were moved from the wing tralling edge to the

0.30¢ location. From the results of the tests reported
hereln, however, the 0.30c location would be expected to
result in little or no effectiveness of allerons located
back of the flaps, sven though the gaps were large.
Because the reductlon in drag as the flaps are moved
rearward of the 0.60c location is not very great and
because the rearward flap locations result in improve-
ments in the other wlng and aileron characteristics, it
seems desirable to locate balanced double split flaps at
about 0.80¢ or farther rearward. Gaps of about 0.20c are
necessary to obtaln satisfactory wing 1ift, ailsron-
effectiveness, and alleron hinge-moment characteristics.

CONCLUSIONS

From the results of tests of full-span, nonperfo=
rated, balanced spllit flaps on a rectangular NACA 2212
alrfoil, the followlng conclusions may be drawn:

1. The effectiveness of a conventlonal alleron
behind balanced double split flaps was generally low but
Increased as the flaps were moved rearward and as the
gaps between the flaps and the alrfoll surfaces were
increased.

2. The drag of the model lncreased as the flaps were
moved forward and as the flap gaps were increased.

3. There was usually an irregularity in the curve
of 1ift coefficlent against angle of attack for the
model wlth balanced double split flaps deflected. The
magnitude of the irregularity increased as the flaps
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were moved forward, as. “the. .Flap.gaps were decreased, and
as the flap deflectiona approached 90°,.

li. The slope of the curve of 1ift coefficlent
againat angle of attack generally decreased as the flaps
were moved forward and as the f;ap gaps were Iincreased.

5. An alleron back of a balanced- silngle spllit flap
with a small flap gap may be as effective through a
large part of the angle-of-attack range as an aileron on
a wing having no flaps.

6. The effectiveness of the alleron on the model
having airfoll-section flapa and wing cut-outs was
goenerally slightly higher than the effectiveness of the
alleron on the model having flat-plate flaps and no wing
cut-outs.

7. The drag of the model having airfoll-section
flaps and wing cut-outs was generally slightly lower
than the drag of the model having flat-plate flaps and
no wlng cut-outs.

8. Although the model with balanced.double splilt
flaps showed some tendency to shake, the aileron was
usually steady and the air flow was smooth on and near
the surface of the sileron.

9. Plain ailerons back of balanced .double split
flaps acted as though they were highly overbalanced when
the flap gaps were 15 percent of the wing chord or less.

10. From a conslderation of 1ift, drag, alleron-
effectlveness, and alleron hinge-moment characteristics,
a satisfactory practical conflguration probably could be
obtalned with balanced .double split flaps located at
80 percent of the wing chord and with flap gaps of
20 percent of the wing chord.

b 11. The drag of thlis model was higher. than the drag
of an NACA 23012 airfoll with full~span, 0.20-airfoll-
chord, perforated double.spnlit .flaps at -the-same.chord--
wlse locatlon.

-Langley Memorial Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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Figure 1.- Three-quarter rear view of the 10- by 60-inch rectangular NACA 2212
alrfoil with full-span, nonperforated, balanced double split flaps of
20-percent airfoil chord mounted in the Langley 7- by 10-foot tunnel. Flat-
plate flaps deflected 60° and located at 0.60c with gaps of 0.15¢; right
alleron deflected.
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Figure 2.- Three-quarter front view of thc 10- by 60-inch rectangular NA
airfoil with full-span, nonperforated, balanced double split flaps of
20-percent airfoil chord mounted in the Langley 7- by 10-foot tunnel.
plate flaps deflected 60° and located at 0.60c with gaps of 0.15¢; ri

alleron deflected.
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Figure 3.- Three-quarter rear view of the 10- by 60-inch rectangular NACA 2212

airfoil with full-span, nonperforated, balanced double split flaps of

20-percent airfoil chord. Airfoil-section flaps deflected 60° and located

at 0.70c with gaps of 0.10c; right aileron deflected. )
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